Purpose -Management accounting contains several techniques such as total cost of ownership (TCO) that provide necessary information related to supply issues for supplier evaluation and selection purposes. However, it is not clear whether these techniques should be applied along with other evaluation approaches. This paper aims to examine such kind of applicability to provide some insight about alternative solutions, which can be considered as well. Design/methodology/approach -This paper proposes and demonstrates the application of data envelopment analysis (DEA) approach in evaluating the overall performances of suppliers on multiple criteria based on TCO concept and simulated data in a hypothetical firm and with a strategic orientation of being able to reduce TCO by identifying benchmark values. Findings -It is shown that management accounting techniques should be used in a holistic and comprehensive way and complemented by other evaluation approach in the supplier selection decision-support framework. Originality/value -The overall value of this study can be said to be a contribution to enhancing knowledge about management accounting and supplier selection. The results offer important theoretical and managerial implications and future research directions for purchasing as well as management accounting.
Introduction
Traditional supplier evaluation and selection methods are all too often based on quoted price which ignore the significant direct and indirect costs associated with quality, delivery, use and service elements of purchased parts and materials. When all these costs are taken into account, supplier linkages have a greater effect on total cost than the production process itself. These added costs are ignored for many reasons, but mainly because of the shortcomings of traditional accounting systems and the performance measures that flow from them. Traditional accounting systems bury the costs of ordering, receiving, inspecting and using purchased goods in factory overhead accounts or general manufacturing expenses by obscuring these additional costs. These accounting systems encourage purchasing managers to select the lowest bidders to avoid unfavorable purchase-price variance, even though the lowest bids may not represent the best overall value in terms of cost, quality and delivery. At the same time, management also loses valuable information for evaluating supplier performance.
Management accounting is viewed as an appropriate and powerful set of techniques capable of providing this kind of information by highlighting all the associated costs with supply issues. These techniques, including target costing, Kaizen costing, activity-based costing (ABC), balanced scorecard (BSC), value chain analysis (VCA) and total cost of ownership (TCO), can be used to evaluate the position of each of the parties (buyer and supplier) and the consequences of different options under consideration and to assist in the formulation, implementation and realization of strategies for achieving sustainable competitive advantage (Ramos, 2004) .
In this paper TCO concept is used to objectively analyze some costs associated with purchased parts and a data envelopment analysis (DEA) approach which uses the result of the above analysis is applied to determine efficient supplier(s). This paper proposes and demonstrates the application of DEA in evaluating the overall performances of suppliers on multiple criteria in a hypothetical manufacturing firm based on TCO concept and with a strategic orientation of being able to reduce TCO by identifying benchmark values, which can then be used for this purpose. As an important result among others, this paper concludes that the management accounting techniques such as TCO should be used in a holistic and comprehensive way and complemented by other evaluation approach such as DEA to be more applicable and useful for supplier evaluation and selection decision process. In addition to offering important theoretical and managerial implications and future research directions, the overall objective of this study is to contribute to enhancing knowledge about management accounting and supplier selection as well.
TCO and supplier selection TCO is a technique which looks beyond the price of a purchase to include many other purchase-related costs. It focuses on the true costs associated with the entire purchasing cycle, thus it considers all costs related to the acquisition, usage, maintenance and follow-up of purchased goods or service as well as purchasing price. TCO has become increasingly important as organizations look for ways to better understand and manage their costs in selecting the suppliers and maintaining relationships with them (Bhutta and Huq, 2002) . It improves the purchaser's understanding of supplier performance issues and cost structure and provides excellent data for negotiation and improvement. It also justifies higher initial prices based on better quality/lower total costs in the long run and uses the same model in:
. comparing supplier performance (benchmark) against others and self over time based on lowest transaction costs;
. building strategic alliance efforts; and . optimizing the use of resources for both partners (Bhutta and Huq, 2002) . This may be compared with similar analyses from other suppliers, pricing, make-buy analysis, outsourcing and other relevant decisions.
An illustration of TCO technique is represented in Table I . A comparison is made between 15 hypothetical suppliers supplying a given part. Their respective direct and indirect costs incurred on the production are broken down into four main categories (Bhutta and Huq, 2002): (1) Manufacturing (raw material, labor, machine depreciation, inventory, etc.).
(2) Quality (inspection, rework, scrap, sorting, rejects, etc.). The total cost of each purchase is calculated as its acquisition price plus the buyer's internal operating costs associated with other elements of the purchase.
As depicted in Figure 1 from Table I , it is apparent that supplier 10 has the least total cost per unit for the given product, though, if each cost item is looked at separately, the supplier is not the best in some area. For instance, the manufacturing cost item for this supplier is higher than supplier 1, 2, 7 and so on. Based on this evaluation using TCO technique, supplier 10 will be selected as the firm's supplier.
Problem statement
Literature review reveals seveal deficiencies of TCO technique as follows. TCO is a complex technique requiring the buying firm to determine which costs it considers the most important or significant in the acquisition, possession, use or service of that product (Degraeve and Roodhooft, 1999) . In addition to the amount of its complexity, the data requirements and situation-specific applications are major drawbacks of the technique. Further, TCO adoption may require a cultural change away from price orientation towards total cost orientation (Bhutta and Huq, 2002) . Regardless of mentioned drawbacks of TCO, in the case that buying organization would rather to consider and select other supplier(s) than one suggested by TCO due to its strategy or policy for cost structure items, one can also pose several questions, which may add to its problems. They include:
(1) Which is/are the most efficient supplier(s) other than one suggested by TCO technique? (2) What is the relative efficiency of remaining supplier(s) in comparison to the most efficient supplier(s)? (3) How can an inefficient supplier be efficient one? (4) How can the importance of some cost items affect the supplier selection decision process?
The study required to find the answers of above questions has received very little scrutiny from scholars and practitioners and as a result, there is some gap in the literature on this subject. In this paper the application of DEA is proposed and demonstrated in answering to the research questions and filling in this gap. In this way, this paper attempts to examine such kind of applicability to provide some insight about alternative suppliers who are well suited for buyer's desires.
Literature review
Supplier selection by buyers has been the subject of extensive conceptual and empirical work in purchasing and supply as well as business-to-business marketing literature and is widely considered to be one of the most important responsibilities of the purchasing function of management. For example, Carr and Pearson (1999) observed that firms with a strategic approach to purchasing were more involved in supplier evaluation than other firms. It was also shown that this strategic approach had a positive impact on buyer-seller relationships and finally, supplier evaluation systems had a positive effect on the buying firm's financial performance and may benefit various departments of the buying company. Supplier management strategies based on necessary information, which produced through appropriate analytical approach, also have some strong effects on buyer's performance. For instance, Ndubisi et al. (2005) found that inventory management and technology roadmap are very important supplier management strategies with robust influence on all three forms of manufacturing felxibility, namely product flexibility, launch flexibilty and volume flexibilty. In a similar way, Spathis and Ananiadis (2005) argue that an enterprise information system significantly contributes towards increased felxibilty in information provision, through effective monitoring and expliotation of the company's assets and revenue-expenditure flow and improved decision making. A supplier selection problem is inherently a multi-criterion decision problem and DEA has been applied to evaluate and select suppliers for an individual product (Weber, 1996; Liu et al., 2000) . Weber (1996) applied DEA in supplier evaluation for an individual product and demonstrated the advantages of applying DEA to such a system. In Weber's study, six suppliers supplying an item to a baby food manufacturer were evaluated. Significant reductions in costs, late deliveries and rejected materials can be achieved if inefficient suppliers can become DEA efficient. Weber et al. (2000) also present an approach for evaluating the number of suppliers to employ in a procurement situation using multi-objective programming (MOP) and DEA. The approach advocates developing vendor-order quantity solutions (referred to as supervendors) using MOP and then evaluating the efficiency of these supervendors on multiple criteria using DEA.
In a similar vein, Liu et al. (2000) apply DEA as a systematic analysis to aid decision making for considerations such as a strategic orientation of being able to reduce the number of suppliers and to provide improvement targets for suppliers.
Talluri and Sarkis (2002) present a new methodological extension to DEA research by improving the discriminatory power of an existing variable returns to scale model and apply a new multi-criterion evaluation model for supplier performance evaluation by considering various performance criteria. Therefore, a proposed application extension of their model serves as a monitoring and control mechanism for the performance of suppliers, thus supporting continuous process improvement to achieve efficient buyer-supplier relationships.
In summary, despite of a general understanding about the usefulness of DEA in supplier evaluation and selection, empirical or theoretical studies examining the supplier selection using DEA based on TCO concept are scarce in the literature.
Methodology
The main goal of this study as mentioned earlier is to advance knowledge and extend previously developed theories about two phenomena, management accounting and supplier selection, by linking these different topics under a common general statement. The focus of research questions on "what" and "how" questions is a justifiable rationale for conducting an exploratory study. As the topic is the subject of exploration, the design for an exploratory study has a legitimate reason for not having any hypothesis. In designing the research, a case study approach was chosen because, as Yin (2003) argued, this type of approach is a preferred inquiry strategy when "how" or "why" questions, in addition to "what" question, are being posed. A case study approach as a framework for the collection and analysis of data is the preferred design for this study because it entails the collection of data on some cases in connection with variables, which are then examined to detect patterns of association. In this line of inquiry, the data (i.e. cost items) are collected by using simulation method and the analyses are done by using the outputs of DEA approach. The results are then fed back into the stock of theories and finally the theories are revised. The process of this research is depicted in Figure 2 .
It is noteworthy that the validity and reliability of simulated quantitative data were not tested in this study. However, in the future more comprehensive research, ensuring the validity and reliabilty of data must be attached.
Method of analysis
The DEA approach has been widely applied to address various decision analysis problems due to its usefulness in evaluating multi-criterion systems and providing improvement targets for such systems. DEA is a non-parametric mathematical programming technique that determines an efficient frontier of the most efficient decision-making units (DMUs) regarding the notion of Pareto optimality and calculates the efficiency of each DMU relative to this efficient frontier based on multiple observed inputs and outputs. An efficiency score of a DMU is generally defined as the weighted sum of outputs divided by the weighted sum of inputs, while weights need to be assigned. To avoid the potential difficulty in assigning these weights among various DMUs, a DEA model computes weights that give the highest possible relative efficiency score to a DMU while keeping the efficiency scores of all DMUs less than or equal to one under the same set of weights (Liu et al., 2000) .
Another useful output obtainable from DEA model is reference or lambda weights. Reference weights can be used to identify where along the efficient frontier a particular DMU would be located if that DMU were efficient. Efficient DMUs receive a reference weight of one and for DMUs, which are not efficient, reference weights varying between zero to one are calculated mathematically by DEA model referencing one or more efficient DMUs. These reference weights indicate the proportion of each of these efficient DMUs' criteria values which, when summed together, determine the point of efficiency for the inefficient DMUs being evaluated. In this way, DEA can identify not only how efficient a particular DMU may be, but also provide a benchmark on the non-inferior frontier, where the DMU would be efficient. This benchmark can then be used as a value for negotiation with inefficient DMUs and necessary improvement (Weber, 1996) . For the purpose of this study, the DMUs are suppliers for a product or service. DEA approach is concerned with measuring the performance of suppliers on the criteria important to the buyer, relative to how the best suppliers perform. In this manner to construct a DEA model for evaluating the overall supplier performance, the input and output variables need to be selected based on the considerations of a manufacturing firm. In this paper, a DEA model is proposed to evaluate the aggregate performances of suppliers considering TCO concept. This extends Weber's (1996) research in using DEA in supplier evaluation for an individual product. A potential use of an overall performance evaluation of suppliers based on TCO concept is to provide benchmarking data for reducing the ownership cost of parts and better partnership with suppliers. Another potential use of evaluating the aggregate performances of suppliers is to provide improvement targets for current suppliers.
The DEA model used in this study is input-oriented and takes the form of a multiple input, single output DEA model utilizing the Pareto-Koopmans efficiency measure (Weber, 1996) . The multiple input, single output DEA modeling form measures the efficiency of suppliers by how well they minimize multiple input criteria to produce a single unit of output. By producing a single unit of output, all suppliers are operating at an optimal scale and therefore constant returns to scale (CRS) can be assumed in the model. The Pareto-Koopmans measure uses Farrell's measure as a base measure of efficiency but, further, determines that a supplier is efficient by the absence of slack when its Farrell measure equals one (Coelli, 1996) . The following is the generalized formulation for DEA model to measure supplier efficiency, which proposed by Weber (1996) :
St.: 1 is an infinitesimally small number;
Xij is the input criteria value for the ith criteria and the jth supplier; m is the number of criteria; and n is the number of suppliers.
A Farrell efficiency (technical efficiency) value of one with slack values of zero in the above equations for a particular supplier indicates that the supplier is efficient compared to the other suppliers in the model. If a supplier is not efficient, it will have a Farrell efficiency value less than one or one or more slack values will be greater than zero. In DEA model where identifying Koopmans-efficient projected points are considered important, as Coelli (1996) recommends, the use of the multi-stage DEA method is preferred. That is the method used in this paper.
In the above DEA model, the output measure mathematically translates to a single unit of an item to be purchased. As input measures, the criteria on which the suppliers will be evaluated for their relative efficiency, based on TCO concept, include manufacturing cost, quality cost, technology cost, after sales service cost and price. To make it more clear, the simplified DEA model with these inputs and output, as illustrated by Weber (1996) and Liu et al. (2000) , can be depicted in Figure 3 .
As depicted, in this manner DEA can measure the relative efficiency of each supplier for purchasing a product or service based on multiple criteria derived from TCO when compared to the most efficient suppliers under investigation.
Data development
For the purpose of this study, it is only needed to prepare the data for input variables because output variable, mathematically, translates to a single unit of an item to be purchased. The data were generated for each input variable including manufacturing cost, quality cost, technology cost, after sales service cost and price of part through random sampling. The Microsoft Excel program incorporates random routine for sampling a random number between zero and one. An approximate sample from a Figure 3 . A simplified DEA model for a supplier univariate standardized normal distribution can be obtained from the following formula (Meier et al., 1969) :
where r is the approximate standard normal deviate with mean zero and variance one and x i ð1 # i # 12Þ are independent random numbers between zero and one generated by above routine. This approximation is satisfactory for most purposes. The normal variable R with a different mean m and standard deviation d may be obtained by:
To generate sample numbers for each input variable, it was assigned initial values to their means, assumed a volatility of 20 percent for them and calculated their standard deviations as shown in Table II . By assuming that volatility for each variable is 20 percent, the standard deviation for each of them will be the product of volatility and mean of that variable. The generated number for R with 68 percent and 95 percent probability will rely in continuum of one and two standard deviation from the mean respectively. According to Banker's rule, the number of cases (suppliers) or degree of freedom in a DEA model must be three times or more than the number of input variables (Cooper et al., 1999) . Taking into account this rule and five variables as inputs, the number of suppliers should be 15 at least. After generating the required samples for 15 hypothetical suppliers, the summarized result and calculated TCO are shown in Table I and Figure 1 , respectively.
Results and discussion
In order to demonstrate the use of DEA for supplier selection based on TCO concept, the DEA model was tested for an item being purchased by a hypothetical manufacturer. The data were incorporated into DEA model, which were run on IBM-compatible PCs using DEAP version 2.1 computer program. Table III shows the efficiencies of 15 hypothetical suppliers, calculated by DEA model, using manufacturing cost, quality cost, technology cost, after sales service cost and price as the considered criteria.
After the relative efficiencies of suppliers are computed by DEA, the subsequent decision is to address supplier selection and supplier improvement. Table III Coelli, 1996) , slacks may essentially be viewed as allocative inefficiency. Hence, an analysis of technical efficiency can reasonably concentrate on the radial efficiency score provided by DEA (Coelli, 1996) . In this case for example, supplier 3 will be efficient and it does not need to consider slack values. However, it is not in accordance with Pareto-Koopmans efficiency measure, which utilized in this research. In summary and in answering research question 1, although TCO technique selected supplier 10 as the best supplier in its evaluation, DEA model proposes additional alternative efficient suppliers, which can be substituted by or combined with mentioned supplier by buying firm in regard to its considerations. Moreover, by computing the relative efficiencies of remaining supplier(s), their rank in comparison to the most efficient supplier(s) are determined and whereupon the research question 2 is answered.
In answering research question 3, DEA reference value weights and slack values were utilized. DEA reference value weights and slack values associated with individual suppliers are used to identify where the individual suppliers will be efficient for the item. The peer group of each inefficient supplier can also be obtained from DEA procedure. Table IV shows the peer groups and reference value weights for each of 15 suppliers.
Improvement targets (points of efficiency) based on the peer group performance can be provided to inefficient suppliers too. Negotiation with suppliers can also be made based on the benchmarking results from DEA shown in Table V. For example, supplier 2 would need to reduce manufacturing cost from e205 to e204, quality cost from e36 to e31, technology cost from e182 to e172, after sales service cost from e23 to e20 and its price from e635 to e618 per unit to become DEA efficient. Similar to Weber's (1996) work, significant reductions in total costs can be achieved if inefficient suppliers can become DEA efficient.
To extend the application of DEA model in our case to answer research question 4, subjective judgments can be entered to the calculation by specifying weights restriction either in absolute or relative form for input variables. Hence, both Cone Ratio constraints and Assurance Region constraints can be incorporated into the model (Kornbluth, 1991; Sueyoshi, 1992; Scheel, 2000) . Absolute form of weights restriction can be illustrated as w i $ w j where the degree of importance of first input variable is more than second input variable. For instance, in our case it is supposed that:
. quality cost is more important than manufacturing cost; and . after sales service cost is less important than technology cost.
Thus the corresponding weights (w) to above input variables will be: [1] for technology cost and [2 1] for after sales service cost.
For solving this new problem concerning the above changes, EMS version 1.3 computer program was used and the same data and above weights restriction were incorporated into the new DEA model. The results produced by program are represented in Tables VI and VII. The complementary results shown in Table VIII are represented by author due to the lack of capability of that program to compute these kinds of results. Table VI indicates that of 15 suppliers only suppliers 1, 13 as well as supplier 10, which selected by TCO technique, are DEA efficient with other suppliers having Farrell efficiencies of less than one. While supplier 6 has a Farrell efficiency equal to one, it also has some positive slack values on input variables and is, therefore, not DEA Figure 4 that by specifying weights restriction, the number of efficient suppliers has decreased from 6 to 3 in comparison to the case without weights restriction and some suppliers who were previously recognized as efficient, they are not efficient anymore. Additionally, technical efficiency mean Table VII shows the peer groups and reference value weights for each of 15 suppliers. Improvement targets (points of efficiency) based on the peer group performance are provided to inefficient suppliers and negotiation with them can be made based on the benchmarking results from new DEA model shown in Table VIII. For example, supplier 2 would need to reduce manufacturing cost from e205 to e199.9, quality cost from e36 to e35.1, technology cost from e182 to e173.73, after sales service cost from e23 to e18.27 and its price from e635 to e618 per unit to become DEA efficient.
In summary, the new DEA model with weights restriction proposes additional alternative efficient suppliers to supplier 10 selected by TCO technique, which can be substituted by or combined with mentioned supplier by buying firm in regard to its considerations, preferences and limitations. It also shows that how the importance of some cost items can affect the supplier selection decision process.
The solutions of both DEA models (without and with weights restriction) in this paper deliver new findings that have not been seen in the literature already. Hence, there is no room to confirm or contradict with previous findings.
Conclusions
This paper presented the methodology of applying DEA to compare overall supplier performances based on TCO concept for the purpose of supplier evaluation and selection and demonstrated this application through a study for a hypothetical firm and its 15 hypothetical suppliers. While the input and output variables used in a DEA model vary in different production environments, a simplified model proposed by Weber (1996) was utilized to demonstrate the usage of DEA for supplier evaluation and selection in relation to TCO. In this simplified model, based on a strategic purchasing objective to reduce TCO, the output variable includes a single unit of an item to be purchased and the input variables include the manufacturing cost, quality cost, technology cost, after sales service cost and price per unit of parts.
The results of DEA model are interesting in the way that they suggest additional alternative efficient suppliers as well as the supplier selected by TCO technique so that the purchaser can consider them due to its sourcing policy.
When compared to traditional subjective supplier evaluation and selection techniques, the DEA approach provides an objective statement of how well suppliers are performing on multiple criteria relative to other suppliers competing in the same marketplace. This approach allows the purchasing firm to evaluate effectively each supplier's performance relative to the performance of the best suppliers in marketplace, through calculation of DEA efficiency measures. The results from a DEA model can then be used for calculating benchmark values for negotiations with inefficient suppliers to become efficient ones. Such negotiation may greatly affect a firm's ability to compete in the marketplace.
Also, as DEA approach uses observed supplier performance data, the buying firm is not required to calculate its own criteria trade-off or utility functions as is required in other approaches. However, it can enter its subjective judgments about the degree of importance of some criteria relative to others into the calculations.
In doing so, the DEA model can be modified according to various considerations and purchasing strategies. This was also illustrated by specifying weights restriction for input variables related to suppliers in extended DEA model. Because of the multi-criterion nature of supplier evaluation and selection, using DEA with an objective of improving the overall efficiency of suppliers turned out to be a very useful approach (Liu et al., 2000) .
As an important result, this paper concludes that the management accounting techniques such as TCO should be used in a holistic way and complemented by other evaluation approach such as DEA to be more suitable and applicable for supplier selection decision process. Furthermore, this study contributes to enhancing knowledge of management accounting and supplier selection theories by linking these different topics.
Finally, to overcome the intra-firm scope of traditional cost accounting, as Ramos (2004) proposes, the inter-organizational cost systems should be developed to contribute to identifying ways of making the relationship between buyer and supplier more efficient and helping members of supply chain to reduce their costs. In this tandem this study has tried to provide some theoretical and practical implications to management academics and practitioners.
Limitations of the study
This research used simulated quantitative data for some predefined input variables with prespecified volatility. The use of this kind of data in testing may be limited in terms of reliability and validity. The focus of DEA model is also different from other mathematical programming models, which were primarily concerned with optimizing order quantity allocation and selecting the optimal supplier. Hence, it can not be used to select optimal supplier based on optimized order quantity allocation. As in all quantitative models, DEA model contains a set of assumptions, which govern its usefulness in any situation. Probably the most limiting assumption for the model described in this paper is Farrell radial efficiency. The radial efficiency value measures the supplier's performance from its observed point to the efficiency frontier in a direction that intersects with the origin. Thus, DEA model assumes that suppliers are able to move in this direction in order to achieve complete DEA efficiency. To the extent that suppliers are not able to move in this direction or are able to achieve efficiency by moving in some other direction, the value of model diminishes.
